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1. INTRODUCTION 

Th i s  semiannual r e p o r t  covers  t h e  a c t i v i t i e s  i n  t h e  per iod  from 31 March, 

1966 t o  1 October,  1966. A few of t h e  r e sea rch  s u b j e c t s  have been te rmina ted  

and some new ones in t roduced .  

2 .  SUMMARY OF THE RESEARCH 

2 .1 .  Impedance of an Electric Current  Loop i n  an Aniso t ropic  Cold Plasma, 

Theory and Experimental  V e r i f i c a t i o n  - G. L. Duff 

During t h e  summer, G. L. Duff completed h i s  Ph.D. Thes i s  on t h e  above 

s u b j e c t .  T h i s  work w i l l  be publ ished s h o r t l y  a s  a S c i e n t i f i c  r e p o r t .  

2 .2 .  Curren t  D i s t r i b u t i o n  and Input  Admittance of a C y l i n d r i c a l  Antenna i n  

An i so t rop ic  Plasma. - Y. T.  Lo, S. W. Lee 

The work on i n f i n i t e  c y l i n d r i c  antenna i n  a magneto-plasma i s  concluded. 

A paper  which summarizes t h i s  w o r k  h a s  been accepted f o r  p u b l i c a t i o n  i n  t h e  

IEEE Transac t ions  on Antennas and Propagat ion.  The c a s e  of f i n i t e  an tennas  

w i l l  be i n v e s t i g a t e d  a s  soon a s  a graduate  s tuden t  can be placed t o  t h i s  

p r o j e c t  . 
2.3. Aniso t rop ic  Waveguide - I. Akkaya, Y. T.  Lo 

The t h e o r e t i c a l  i n v e s t i g a t i o n  of a c i r c u l a r  waveguide f i l l e d  wi th  com- 

p r e s s i b l e  magneto-plasma h a s  been concluded. During t h i s  pe r iod ,  some addi -  

t i o n a l  computations f o r  t h e  plasma temperature  e f f e c t  on t h e  d i s p e r s i o n  

r e l a t i o n  of t h e  guide have been made. 

p repa red .  M i s s  Akkaya's t h e s i s  w i l l  be i s sued  a s  a S c i e n t i f i c  Report .  

Two papers  on t h i s  work a r e  being 
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2 . 4 .  Theoretical and Experimental Investigation of Circular Waveguides 

Partially Filled with Warm Plasma - C.  Liang, Y. T. Lo 

During the last interval, the study of the propagating characteristics 

of the fundamental modal waves in the guide has almost been completed with 

particular emphasis on the symmetrical E-type of modal propagation. It is 

found that its propagating characteristics closely resemble those of the 

plasma-filled parallel-plate or of the circular waveguides. [Lee, Liang and 

Lo, and Akkaya] The coupling structure in the optical and acoustic-coupled 

mode region, as well as the characteristics in the slow-wave mode region, 

are investigated in detail. 

At present, the input impedance of an axially-oriented dipole current 

source which will excite the symmetrical E-waves in the guide is under 

investigation. Basic theorems such as the reciprocity relations and the 

orthogonality conditions for an inhomogeneously-filled compressible plasma 

guide.have been obtained. For comparison, the input impedance of an identi- 

cal antenna located in a cold plasma waveguide will be obtained. Thus, ana- 

lytically, one may study the effect of the electron temperature on the 

antenna impedance. 

The 2" complete vacuum station (VEECO, VS-9) was delivered to us in May, 

and its performance has been satisfactory,achieving an ultimate pressure of 

1.5 x 10 mm of Hg without using liquid nitrogen cooling. A refilling mani- 

fold was built and assembled to the vacuum system. In order to acquire some 

-6 

experiences with gaseous discharge, a simple discharge tube having an 
11 inverse" brush cathode was built. It was found that an electron density 

of 6 x 10 /cm3 and an electron temperature of 2750 k may be obtained from 

a DC helium discharge at a pressure of 360 microns of Hg. 

of various configurations and located at different parts of the tube were used. 

9 0 

Langmuir probes 
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A t  p r e s e n t ,  a d i scha rge  chamber s c a l i n g  down t o  t h e  s i z e  of a r e g u l a r  

waveguide i s  being cons t ruc t ed .  A good method i s  s t i l l  being searched f o r  

producing a reasonably warm s t eady- s t a t e  gaseous d i scha rge  whose e l e c t r o n  

temperature  can be a l t e r e d  wi th in  a s u i t a b l e  range without  a f f e c t i n g  o t h e r  

plasma parameters .  

2.5. Coupling of Modal Waves i n  a P lasma-f i l led  P a r a l l e l - p l a t e  Waveguide. 

- S. W. Lee, C. Liang, and Y. T .  Lo 

Previous ly ,  w e  po in ted  out  t h a t  a complete cons i s t ency  i n  f i e l d  so lu -  

t i o n s  of t w o  plasma models (compressible and incompressible)  could not  be 

obta ined  a t  the z e r o  temperature  l i m i t .  However, the q u a n t i t a t i v e  a n a l y s i s  

f o r  t h e  propagat ing modal waves w a s  no t  c a r r i e d  o u t .  During t h i s  pe r iod ,  

t h i s  problem was examined i n  d e t a i l .  I t  was found t h a t  f o r  t h e  wave f r e -  

quency below t h e  plasma frequency,  the  on ly  propagat ing mode i s  a slow wave. 

For f requency above t h e  plasma frequency,  t w o  types of propagat ing modes a r e  

p o s s i b l e .  The f i r s t ,  which can be c a l l e d  the q u a s i - o p t i c a l  modes, i s  iden-  

t i f i e d  a s  t h a t  e x i s t i n g  i n  a co ld  plasma model, but s l i g h t l y  modified due t o  

t h e  c o m p r e s s i b i l i t y  of the plasma. The second, which can be named a s  the 

quas i - acous t i c  modes, i s  due t o  t h e  c o m p r e s s i b i l i t y  of the plasma. The 

second type  of modes h a s  a n e a r l y  continuous spectrum of propagat ion  cons t an t  

s i n c e  t h e  t r a n s v e r s e  dimensions of t h e  waveguide a r e  a ve ry  l a r g e  number of 

wavelengths .  Approximate s o l u t i o n s  have been found which show e x p l i c i t l y  

t h e  plasma temperature  effect on the  propagat ion  c h a r a c t e r i s t i c s .  

When the  phase v e l o c i t i e s  of these two types of modes become n e a r l y  equa l ,  

a s t r o n g  coupl ing e f f e c t  r e s u l t s  so  a s  t o  form a hybrid mode. To o u r  knowledge, 

t h i s  i s  the f i r s t  t i m e  t h a t  an a n a l y s i s  of t h e  kp-diagram f o r  t h e  electro- 

a c o u s t i c  waves has  been made. 

A paper  i s  being prepared and submitted f o r  p o s s i b l e  pub l i ca t ion .  
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2.6. R e f l e c t i o n  and Transmission of Electromagnet ic  Waves by a Moving 

Un iax ia l ly  Aniso t ropic  Medium. - S. W .  Lee and Y. T. Lo 

One of t h e  problems of fundamental i n t e r e s t  i n  the  e lec t romagnet ic  

t h e o r y  i s  the  r e f l e c t i o n  and t h e  t ransmiss ion  of waves a t  t h e  boundary of 

two media. When both media a r e  s t a t i o n a r y  wi th  r e s p e c t  t o  t h e  observer ,  the 

s o l u t i o n  i s  s imple and can be found i n  most tex tbooks .  W i t h  the advance of 

t h e  ionospher ic  and a s t r o p h y s i c a l  s t u d i e s ,  the c a s e  when these t w o  media 

have r e l a t i v e  motion becomes of some importance.  

I n  t h i s  s tudy ,  t h e  r e f l e c t i o n  and t r ansmiss ion  of e lec t romagnet ic  waves 

a t  t h e  i n t e r f a c e  between a s t a t i o n a r y  i s o t r o p i c  medium and a u n i a x i a l l y  an i -  

s o t r o p i c  medium moving p a r a l l e l  t o  the  i n t e r f a c e  i s  i n v e s t i g a t e d .  So lu t ions  

a r e  obtained f o r  t h e  i n c i d e n t  E- f ie ld  p a r a l l e l  (E l l )o r  perpendicular  (E 1 t o  

t h e  p lane  of t h e  inc idence  when t h e  moving medium is  e i t h e r  a non-dispers ive 

u n i a x i a l  c r y s t a l  o r  a d i s p e r s i v e  u n i a x i a l  plasma. It i s  found t h a t  (i) t o t a l  

r e f l e c t i o n  i s  p o s s i b l e  even i f  t h e  wave i s  i n c i d e n t  from a comparat ively less 

1 

1 9  1,  dense" medium i n t o  a dense" medium; (ii) B r e w s t e r  ang le s  may exis t  even 

fo r  an i n c i d e n t  E f i e l d ;  (iii) backward wave may be e x c i t e d  i n  t h e  moving 

u n i a x i a l  plasma by an i n c i d e n t  E f i e l d .  O t h e r  i n t e r e s t i n g  f e a t u r e s  which 

a r e  n o t  found i n  t he  c a s e  of t w o  s t a t i o n a r y  media a r e  a l s o  d iscussed  i n  

d e t a i l .  

I 
11 

R e s u l t s  of t h i s  i n v e s t i g a t i o n  a r e  t o  appear  i n  t h e  Journa l  of Applied 

Phys ic s .  

! 
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2.7. T rans i en t  Radia t ion  of a Un iax ia l ly  Aniso t ropic  Plasma. 

- S. W .  Lee and R.  Mi t t r a  

I n  r e c e n t  yea r s ,  there h a s  been  much i n t e r e s t  i n  the s tudy  of r a d i a t i o n  

and impedance p r o p e r t i e s  of antennas i n  a n i s o t r o p i c  media. Though the p r i n -  

c i p a l  mot iva t ion  has  been t h e  p r e d i c t i o n  of t h e  performance of an tennas  

mounted on space v e h i c l e s ,  t he  a n a l y t i c a l  problems have been found i n t e r e s t -  

i n g  i n  t h e i r  own r igh t .  This i s  because t h e  t h e o r e t i c a l  s t u d i e s  have pre-  

d i c t e d  same anomalies o r  paradoxes i n  t h e  impedance and r a d i a t i o n  c h a r a c t e r -  

i s t ics  of sources  i n  such media. Severa l  t h e o r i e s  have been advanced t o  

e x p l a i n  t he  causes  f o r  such anomalies and t h e  s u b j e c t  has  s t i r red up much 

cont roversy  among t h e  workers i n  the  f i e l d .  One of t h e  p r i n c i p a l  i s s u e s  

under  d i scuss ion  i s  the so-ca l led  ' I n f i n i t y  Catas t rophe ' ,  r e f e r r i n g  t o  t h e  

behavior  of t h e  i n p u t  impedance of smal l  antennas i n  an overdense plasma. 

The a n a l y s i s  of these antennas  show t h a t  f o r  such a medium, the f i e l d s  

produced by s h o r t  d i p o l e s  may become i n f i n i t e  a long  c e r t a i n  c h a r a c t e r i s t i c  

cones and t h a t  t h e  impedance of :: shcrf antenna i s  i n v e r s e l y  p ropor t iona l  

t o  i t s  l eng th .  Means f o r  r e so lv ing  t h e  paradoxica l  s i t u a t i o n  have a l s o  been 

suggested by a number of workers.  However, a s  ye t  t h e r e  i s  no evidence t h a t  

a completely s a t i s f a c t o r y  r e s o l u t i o n  of the  problem has  been achieved.  

Th i s  s tudy  a t t empt s  t o  ga in  f u r t h e r  i n s i g h t  i n t o  t h e  problem by i n v e s t i -  

g a t i n g  t h e  t r a n s i e n t  behavior  of t h e  f i e l d s  e x c i t e d  by i n f i n i t e s i m a l  sources 

i n  a u n i a x i a l  a n i s o t r o p i c  medium. The propagat ion of the wave f r o n t  i s  c a l -  

c u l a t e d  a long  d i f f e r e n t  angu la r  d i r e c t i o n s  a s  f u n c t i o n s  of r a d i a l  d i s t a n c e  

and t i m e .  I t  i s  found t h a t ,  a s  a consequence of t h e  an i so t ropy  of t h e  

medium, the geometry of t h e  wave f r o n t  may d e v i a t e  cons ide rab ly  from a 

s p h e r i c a l  s u r f a c e .  Fo r  X = (0 /O )<l, the s i g n a l  t r a v e l s  f u r t h e r  a long  t h e  
P O  
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magnetic a x i s  t han  i n  t h e  d i r e c t i o n  t r a n s v e r s e  t o  t h i s  a x i s .  A much more 

pronounced e f f e c t  occurs  f o r  X >  1, a s  the wave f r o n t  becomes fou r - l ea fed .  

These correspond t o  non-overlapping reg ions  where t h e  s i g n a l  i s  e i ther  

s t r i c t l y  propagat ing  o r  s t r i c t l y  evanescent .  Fo r  a g iven  t i m e ,  there i s  

a l s o  a dark reg ion  s e p a r a t i n g  t h e s e  t w o  Where no s i g n a l  has  reached. Of  

p a r t i c u l a r  i n t e r e s t  is  t h e  r e s u l t  t h a t  t h e  c r i t i c a l  c h a r a c t e r i s t i c  bi-cones 

where the f i e l d s  become i n f i n i t e  i n  t h e  s t eady- s t a t e  a n a l y s i s  always remain 

i n  t h e  dark region.  Th i s  dark region narrows t o  zero on ly  i n  a l i m i t  of 

1 t 3 c 0 .  These r e s u l t s  shed new l igh t  on t h e  so-cal led ' i n f i n i t y  ca t a s t rophe '  

problem which has  become a sub jec t  of much cont roversy  i n  r ecen t  years .  The 

r e s u l t s  of the p resen t  s tudy  suggest  the  d e s i r a b i l i t y  of a more r e a l i s t i c  

model f o r  t h e  medium which w i l l  i nc lude  f i n i t e  losses. 

A paper  based on this  i n v e s t i g a t i o n  i s  t o  be presented  i n  t h e  USNC/URSI 

F a l l  Meeting i n  December 1966, S tanford ,  C a l i f o r n i a .  

2.8. Impedance of Antennas i n  Compressible Plasma. 

- J. C a r l i n ,  H .  M i t t r a  

The impedance p r o p e r t i e s  of b i con ica l  and c y l i n d r i c a l  d i p o l e s  when 

immersed i n  a warm plasma have been i n v e s t i g a t e d .  The plasma wave was found 

t o  have a q u i t e  

l e n g t h  (k of 
P 

where k and k P e 

s i g n i f i c a n t  e f f e c t  on impedance when the a c o u s t i c a l  phase 

the antenna was approximately 50 o r  less. Here 

k =(c/u) ke , 
P 

2 2  
E = E o ( l - X )  , x = 0 /o 

P 

a r e  t h e  propagat ion c o n s t a n t s  f o r  EM and a c o u s t i c  waves 

r e s p e c t i v e l y .  a i s  t h e  rad ian  ope ra t ing  frequency of the  antenna,  0 - plasma 
P 
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frequency, E is  t h e  p e r m i t i v i t y  of t h e  plasma and E and u t h e  p e r m i t i v i t y  

and pe rmeab i l i t y  of free space.  

0 0 

If r3> 0 t h e  impedance was found t o  have a s i g n i f i c a n t l y  l a r g e  r e a l  
P’ 

p a r t  i f  . 5 5 k  e L 50 w h e r e 1  is  the  h a l f - l e n g t h  of t h e  antenna.  

t o  t h e  e x c i t a t i o n  of a c o u s t i c  power by t h e  antenna.  

d i p o l e s ,  an i n c r e a s e  i n  t h e  size of t h e  i o n  s h e a t h  about t h e  antenna decreased 

t h e  r e a l  p a r t  of t h e  impedance. The effects of t h e  induced a c o u s t i c  sou rces  

w e r e  a l s o  i n v e s t i g a t e d  for t h e  c y l i n d r i c a l  d i p o l e .  Previous works have 

neglected t h i s  effect. The a c o u s t i c  sou rces  were found t o  have a n e g l i g i b l e  

e f f e c t  on impedance f o r  the p a r t i c u l a r  c a s e  i n v e s t i g a t e d .  

T h i s  is  due 
P -  

For  wide a n g l e  b i c o n i c a l  

A communication on t h i s  s u b j e c t  h a s  been publ ished i n  E l e c t r o n i c  Letters 

and a t e c h n i c a l  paper h a s  been prepared and has  been submitted for pub l i ca -  

t i o n  t o  t h e  Canadian Journa l  of Physics .  

2.9. Measurement of Antenna Impedance i n  a Cold Magneto Plasma. 

- R.  M i t t r a ,  D. Snyder 

As p r e v i o u s l y  r e p o r t e d ,  t h e  brush cathode plasma chamber h a s  been used 

t o  study t h e  impedznce of a small  loop antenna immersed i f i  an a n i s o t r o p i c  

plasma ( G .  L. D u f f ) .  T h i s  s t u d y  has  been completed. It seems a p p r o p r i a t e  

t o  use t h i s  equipment for f u r t h e r  s tudy  of antennas i n  plasmas i n  p a r t i c u l a r  

t o  i n v e s t i g a t e  the  imparlsmce of t h e  antenna o r i e n t a t i o n  w i t h  r e s p e c t  to  t h e  

magnet ic  f i e l d .  The antenna chosen was t h e  sma l l  ( i n  terms of wavelengths) 

d i p o l e ,  s i n c e  the  t h e o r e t i c a l  behavior of t h i s  antenna h a s  a l r e a d y  been 

developed i n  d e t a i l  (K. Balmain). The p r e s e n t  series of experiments proposes 

t o  measure t h e  i n p u t  impedance of t h e  d i p o l e  a s  a f u n c t i o n  of plasma para-  

meters and a s  a f u n c t i o n  of d i p o l e  o r i e n t a t i o n  w i t h  r e s p e c t  t o  the  a p p l i e d  

magnet ic  f i e l d .  It should be noted t h a t  previous measurements by Balmain 
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were done f o r  t h e  t r a n s i e n t  c a s e  a lone  and fo r  the d i p o l e  o r i e n t a t i o n  p a r a l l e l  

t o  t h e  d.c .  magnetic f i e l d .  

To d a t e ,  t h e  fo l lowing  work h a s  been done: 

1. The plasma chamber was disassembled and a l l  contaminants were 

removed from t h e  g l a s s  and e l e c t r o d e s .  

2 .  The vacuum system was overhauled,  i nc lud ing  disassembly and c lean-  

i n g  of t h e  o i l  d i f f u s i o n  pump. 

3. A new Langmuir probe was cons t ruc ted  and placed i n  t h e  chamber. 

A t  p r e s e n t ,  a p re l imina ry  s tudy  i s  be ing  conducted us ing  t h e  new Langmuir 

probe i n  an a t tempt  t o  improve t h e  p r e c i s i o n  of plasma parameter  measurements. 

Subsequent ly ,  t h e  d i p o l e  w i l l  be designed and cons t ruc ted  and f r e e  space 

impedance measurements taken .  When c o n s t r u c t i o n  and measurement techniques  

have been r e f i n e d  enough so t h a t  t h e o r e t i c a l  and measured free space imped- 

ances  ag ree  w i t h i n  reason,  the antenna w i l l  be placed i n  t h e  chamber f o r  

measurements i n  t h e  plasma environment. 

3. PUBLICATIONS UNDER GRANT NSG 395 DURING THIS PERIOD 

S. W. Lee, C. Liang and Y. T. Lo 

Wave Propagat ion on Plasma wi th  Very S t rong  Magnetic F i e l d ,  

Radio Sc ience ,  V o l .  1 (New S e r i e s )  J u l y  1966. 

J. C a r l i n  and R.  M i t t r a  

Terminal Admittance of a Thin Biconica l  Antenna i n  an I s o t r o p i c  

Compressible Plasma, E l e c t r o n i c  Letters, V o l .  2 ,  N o .  6, June 1966. 

Papers  presented a t  t h e  Spring URSI meeting ( Washington, D.C.) 

S. W .  Lee and Y .  T. Lo 

Current  D i s t r i b u t i o n  and Input  Impedance of an I n f i n i t e  C y l i n d r i c a l  
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Antenna i n  Aniso t ropic  Plasma. 

G.  A .  Deschamps and 0. B. Kesler 

Radia t ion  of an Antenna i n  a Compressible Magnetoplasma. 

4. TRAVEL 

Pro fes so r  G. Deschamps a t tended  and p a r t i c i p a t e d  i n  t h e  XV General 

Assembly of t h e  Union Radio S c i e n t i f i q u e  I n t e r n a t i o n a l e  (URSI) .  The meeting 

was he ld  i n  Munich, Germany dur ing  t h e  f i r s t  t w o  weeks of September. Profes-  

s o r  Deschamps presented a communication on t h e  r a d i a t i o n  of an antenna i n  a 

compressible  magneto plasma and con t r ibu ted  t o  the r e p o r t i n g  of t h e  sessions 

of Commission V I  on ion ized  media. 

These s e s s i o n s  were ve ry  w e l l  a t t ended ,  no t  on ly  by members of 

Commission V I ,  but  a l s o  members of o t h e r  Commissions. Th i s  confirms t h e  

p r a c t i c a l  importance of t h e  problems d iscussed  for t h e  probing of t h e  

ionosphere and i n  some i n s t a n c e s  f o r  Radio Astronomy and Communication. 
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F i n a n c i a l  in format ion  i s  contained i n  t h e  Quar t e r ly  F i n a n c i a l  Reports 

submit ted by t h e  Un ive r s i ty  of I l l i n o i s  Business  O f f i c e  on Form N o .  1030. 


